Experimental data showed a good fit with the Langmuir isotherm model.
INTRODUCTION
Today, because of industrial development and due to industrial wastewater entering into the environment, ecosystems around factories and also surface and ground waters are in danger of pollution (Nies ) . The presence of metal ions in wastewater and surface water is one of the main con- ). Nanoparticles exhibit good adsorption efficiency, especially due to the higher surface area and more active sites for interaction with metallic species and dyes, and they can easily be synthesized (Mak & Chen ) . 
MATERIALS AND METHODS
Analytical-grade Cu(NO 3 ) 2 .5H 2 O was obtained from Merck. A 1,000 mg/L stock solution of the salt was prepared in deionized water. All working solutions were prepared by diluting the stock solution with deionized water. Deionized water was prepared using a Millipore
Milli-Q (Bedford, MA, USA) water purification system.
All reagents (FeCl 3 , NiCl 2 , ammonium hydroxide (29.6%), NaOH, NaCl, and HNO 3 ) used in the study were of analytical grade and purchased from Aldrich.
Before each experiment, all glassware was cleaned with dilute nitric acid and repeatedly washed with deionized water.
XRD analysis was carried out using a PAN analytical X'Pert Pro X-ray diffractometer. Surface morphology and particle size were studied using a Hitachi S-4800 SEM instrument. TEM was performed using a Hitachi H-7650 microscope at 80 kV. FT-IR spectra were determined as KBr pellets on a Bruker model 470 spectrophotometer. All the metal ion concentrations were measured with a Varian AA240FS atomic absorption spectrophotometer.
Preparation of the NiFe 2 O 4
The solution of metallic salts were investigated.
The Cu(II) removal percentage was calculated as Equation (1):
where C 0 and C t (mg/L) are the concentration of Cu(II) in the solution at initial and equilibrium time, respectively.
The amount of Cu(II) adsorbed (Q e ) was calculated using Equation (2):
where C 0 and C t are the initial and equilibrium concen- 
Effect of contact time
The effect of contact time on the amount of copper adsorbed was investigated at 4 mg/L initial concentration of copper. It could be observed from Figure 6 that with the increase of contact time, the percentage adsorptions also increased.
Minimum adsorption was 91.75% for the time 5 min to maximum adsorption value 98.30% for the time 25 min.
The adsorption characteristic showed a rapid uptake of the copper. The adsorption rate, however, decreased to a constant value with an increase in contact time, because all available sites were covered, and no active site was present for binding.
Effect of the adsorbent dosage
The effect of the adsorbent amount on the copper adsorption was studied, with the adsorbent amount ranging from 0.01 to 0.2 g. The results obtained are shown in Figure 7 .
From Figure 7 , it is observed that the most suitable adsorbent dosage is 0.05 g. As the adsorbent dose increases, the percentage removal also increases, until it reaches a saturation point, where the increase in adsorbent does not change the percentage removal significantly.
Effect of initial Cu(II) concentration
The effects of initial Cu(II) concentrations at the range values from 4 to 60 mg/L on the adsorption of copper were investigated. As shown in Figure 8 , the percentage of removal decreased with the increase in Cu(II) concentration. At higher Cu(II) concentrations, the ratio of available adsorbent surface to the initial Cu(II) concentration is low and the percentage of removal then depends upon the initial concentration.
Adsorption isotherms
The experimental data were correlated by Langmuir and Freundlich models. The related linear equations are shown in Equations (5) and (6), respectively.
Langmuir equation:
where q e is the amount of Cu 2þ adsorbed per unit mass at equilibrium (mg/g); q m is the maximum amount of A plot of C e =q e versus C e gives a straight line, with a slope of 1=q m and intercept 1=k a q m .
Freundlich equation:
where C e (mg/L) and q e (mg/g) are the equilibrium concentration of adsorbent in the solution and the amount of adsorbent adsorbed at equilibrium, respectively; K F (mg 1À(1/n) L 1/n g À1 ) and n are the Freundlich constants, which show the adsorption capacity for the adsorbent and adsorption intensity, respectively.
A plot of log q e versus log C e gives a straight line of slope 1/n and intercept log K F .
If (1=n) < 1, then the adsorption is favorable. If (1=n) > 1 , the adsorption bond becomes weak and unfavorable adsorption occurs.
At first, we correlated the adsorption data at different initial concentrations of Cu(II) ion in terms of the Langmuir isotherm (Equation (3)). Furthermore, we examined the data according to the Freundlich isotherm (Equation (4) The maximum adsorption capacity is compared in 
Adsorption kinetics
In this study, pseudo-first-order and pseudo-second-order kinetics models were applied to examine the controlling mechanism of copper ions' adsorption from aqueous solutions. Adsorption equilibrium was reached in 25 min ( Figure 6 ). The linear form of the pseudo-first-order model and pseudo-second-order kinetics model can be described as shown in Equations (5) and (6), respectively:
where q e and q t are the adsorption capacities at equilibrium and at time t (min), respectively. k 1 (min
À1
) and k 2 (g/(mg.min))
are the pseudo-first-order and pseudo-second-order rate constants, respectively (Ho ). The equilibrium experimental results were not well fitted with the pseudo-first-order model (Table 1) . The values of q e and k 2 can be calculated from the 
